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Calculating  Nonlinear  Movements  of  Incompressible  Fluid  in  Inner 
Shell 

Aw  Hayrykov 

The  problem  of  a flow  of  incompressible  fluid  is  intaresting 
from  the  standpoint  of  studying  certain  physiological  and  technical 
processes. 

Let  us  examine  the  flow  of  an  ideally!  conductive  incompressible 
fluid  in  a tube  with  elastic  walls.  The  tube  is  capable  of  changing 
its  cross  section  under  the  influence  of  llhe  internal  pressure 
exerted  by  the  fluid. 

Let  us  take  ooaxial  cylindrical  shelhs  (tubes)  . Here  the 
internal  shell  is  elastic*  the  external  * rigid.  An  azimuth 
electrical  current  of  fora*  J , travels  a^ong  the  shells,  creating  a 
longitudinal  magnetic  field.  The  current  which  travels  along  the 
internal  cylinder  is  equal  and  proportional  in  direction  to  the 
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current  which  travels  along  the  outer  cylinder.  Here  the  flow  of 
incompressible  fluid  fills  the  inner  tube^ 

Let  us  reduce  our  description  of  the  action  of  an  incompressible 
fluid  in  an  elastic  tube  to  a description  of  one-diaensional  flows  of 
a compressible  medium* 

The  equation  of  continuity  for  the  volume  of  fluid  included 
between  the  planes  of  the  cross  section  of  the  tube,  separated  by 
distance  dx  from  one  another*  takes  the  fqrm  of  [1]: 

(1, 

Here  s is  the  cross  section  of  the  tube*  V - velocity  of  the  flow. 
The  radial  velocity  component  is  assumed  Me  be  snail  in  comparison  to 
¥*,  since  we  are  exanining  longitudinal  w4 vele>ngths. 

The  equation  of  notion  is  written  in  the  form  of 

fSfff  * (2) 

where  p is  the  density  of  the  fluid*  P*  - total  pressure. 


Let  us  approximate  the  law  of  deforaaltioa  of  the  inner  shell  by 
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the  expression: 


where  J-co-n*t.  (3) 

If  we  use  frow  [2]  the  expression  ys  U'f?  . tb«  equations  (1) 

and  (2)  can  be  rewritten  as 

Here  a is  the  spead  at  which  the  disturbance  is  propagate!  in  the 
fluid. 


Thus,  we  see  that  the  probles  of  the  wovesent  of  an 
incompressible  fluid  can  in  the  given  cas4  be  reduced  to  the 
analogous  probles  of  gas  dynamics  in  which  the  standard  eguation  of 
state  will  be  replaced  by  expression 

(5) 

(H  is  the  strength  of  the  Magnetic  field  fcetweeij  cylindrical 
surfaces),  on  tha  basis  of  the  law  of  preservation  of  the  magnetic 
current,  for  the  magnetic  field  ig  the  gap  we  get: 
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W-H-- fcf**  (6) 

Kith  the  latter  considered,  expression  (5 )J  can  be  represeated  in  the 
fern  of 


P*  = 


,75V 


h 

i s--sr ' 


(7) 


where  6 = 


and  c is  the  speed  of  .bight  in  a vacua*. 


Fron  expresson  (7)  it  is  apparent  that  as  the  pulsating  cross 
section  of  the  tube  S grows,  total  pressure  P*  increases. 

Using  expression  (7)  we  can  deternind  the  rate  of  propagation  of 
the  disturbance  in  the  fluid: 

(8) 

Hence  it  is  apparent  that  the  second  tera  is  always  a positive 
quantity,  since  S*  > S,  and  as  s grows  that  propagation  rate  of  the 
disturbance  increases. 


It  was  deaon  5 trated  in  [ 3 ] that  iq  tjje  case  of  an  adiabatic 
process  equation  systes  (4)  is  equivalent  to  the  following  systea: 
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(vtjcid  Cn  b)  + (vta.)^r(vt Jad (nb)mo  (9) 

Now#  using  the  apparatus  of  the  theory  of  Rienann  waves,  let  us  find 
the  solutions 


oc  * (v*  a)t  *f(vi  , (10) 

which  is  characteristic  in  the  plane  (V,a  ).  Unknown  function  F<V)  is 
deterained  froa  the  boundary  conditions. 

In  a siaple  traveling  coapression  wade  the  following 
relationship  is  correct: 

?/"=  JadfvS  * const 

The  value  of  the  constant  is  found  froa  tfce  initial  cnnditions  in 
specific  cases. 


Now  let  us  also  plot  the  analog  of  tj|e  shock  wave  in  a coaxial 
systea.  If  we  use  the  index  I to  designate)  paraneters  which  describe 
the  state  of  the  aediua  up  to  intersection  of  the  break  and  the  index 
2 to  designate  the  paraneters  after  intersection  of  the  break  and 
write  the  condition  for  conservation  of  tije  aass  flow 


Ut$,~  , 


(12) 
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the  condition  foe  conservation  of  aomentui 


QS.  n 5t+fStui  * 

+ ~Msl  s,  ( 5'~5t  \* 

*1  S’-  Si  / » 


the  condition  for  conservation  of  the  energy  of  the  flow 


(14) 

where  6.  is  the  internal  energy  of  the  syStea  per  unit  folune  in  the 
cross  section  of  the  tube  Si: 

t = -j£-  JpdV \ 


Hoke  that  equation  (14)  does  not  contain  the  energy  of  tha  Magnetic 
field.  This  is  explained  l>y  the  fact  that  the  aagnetic  field  is 
directed  parallel  to  the  flow'.  In  this  ca^e  the  induced  electrical 
vortex  field  is  directed  along  the  tangenfc  to  the  surface  of  the 
tube,  and  the  Poynting  vector  is  perpendiaular  to  the  valLs  in  the 
gap  between  the  cylindrical  surfaces.  The  energy  of  the  aagnetic 
field  in  the  gap  changes  and  is  converted  into  the  potential  and 


kinetic  energy  of  the  systea.  Thus,  there  is  no  axial  coaponent  in 
the  energy  flux  in  the  gap  occupied  by  thtf  aagnetic  current.  Energy 
is  reaoved  froa  the  aagnetic  field  and  coqverted  as  a result  of  the 
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presence  of  the  central  coapressible  sheli  filled  with  fliid.  The 

Uaov-Poynting  vector  of  the  flow-shell  syatea  also  runs  parallel  from 
this  shell. 


Proa  conditions  (12)-(14)  we  find  tha  expression  for  aass  flow 


fl'S 5'  •5' 

-S  5, 


(15) 


If  we  exclude  velocities  free  equations  (12)- (14),  then  wa  get  the 
following  expression: 


(16) 


whxch  is  the  analog  of  the  shock  adiabat  £n  the  studied  case 


If  we  sat 
"intense  shock 


than  froa  (16)  wa  ftind  that  when  T 

»»»•*  *£Qnt  54=;5<  and  4 

3 ~ 2 


on  the 


'tin**#?- 


Jw 
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